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[57] ABSTRACT

The invention comprises spectrally selective surfaces
having a good performance at relatively low cost, and
designed to be used mainly, but not exclusively, in solar
thermal energy collectors. Suitable substances in pow-
der form are attached by simple and effective means to
a suitable surface. This is accomplished by the use of
new classes of binders, or alternatively, by novel, purely
mechanical means, without the use of a binder. The
binders described herein feature a high transparency for
the infrared radiation emitted by the hot underlying
surface, coupled with good adhesive properties towards
both the powder and the surface to be coated. The
method of effecting the adhesion of a powder layer to
the underlying surface without the use of a binder con-
sists of bringing the powder layer into intimate contact

 with the surface, for example by pressing or rolling the

powder layer onto or into the surface, especially with
simultaneous mechanical deformation of the object
whose surface is being coated.

26 Claims, 3 Drawing Figures
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SPECTRALLY SELECTIVE SURFACES AND
METHOD OF FABRICATING THE SAME

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to relatively low cost
optical coatings which are applied to suitable surfaces
to give these surfaces spectrally selective properties. A
major application of such selective surfaces is as ab-
sorber surfaces in solar thermal energy collectors, but
they are also applicable, for example, to devices re-
quired to emit radiation in selected wavelength bands.

2. Description of the prior art

The use of selective absorber surfaces in solar collec-

tors for the purpose of absorbing as much solar radia-
tion as possible, while re-radiating considerably less

energy than a normal black surface, dates from the year

1955. Usable selective surfaces have been produced up
to now mainly by chemical and electrochemical pro-
cesses, but also by vacuum deposition or by deposition
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from the gas or vapour phases. Disadvantages common

to all these processes are the large investment in equip-
ment necessary and in many cases the difficulty of ob-
taining a uniform layer thickness over large areas. With
the chemical and electrochemical methods there is the
additional problem of effluent treatment to avoid water
pollution; with the other methods there are problems
connected with air-locks, gas mixing and temperature
control. There have been attempts to develop paints,
based on pigments and binders, to be applied to metal

surfaces. Up to the present time, the emissivity of such

painted surfaces has been too high to be of practical use,
mainly because the transparency of the available bind-
ers for the emitted heat radiation was too low, but also
because of incorrect choice of the pigments, their parti-
cle size, and the coating thickness. |

Despite this past lack of success, the use of substances
in powder form for selective surfaces remains highly
advantageous, mainly on account of the relative sim-
plicity of fabrication and the relatively low cost. The
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present invention features new classes of binders and a

method of attaching powder layers to metal surfaces

without the use of a binder. By these means, and with
the correct choice of absorbing powder or pigment,
surfaces having the absorptivity for solar radiation of a
normal black surface but having less than one third of
the emissivity of the latter, can be fabricated easily and

reproducibly.
The heat losses from a flat plate collector using such

selective surfaces are reduced typically by 25 to 30%,
compared to a normal black surface. This advantage
can be used in several ways, such as by reducing the
collector area required for an installation or by using
one cover glass where two covers were previously used
to give the same performance. The small extra cost of
selective surfaces according to this invention, as com-
pared to normal black surfaces, is far outweighted by
the resulting savings. This has not been the case with
the previously available selective surfaces, which cost
many times as much as the surfaces according to this

invention. _
SUMMARY OF THE INVENTION

The invention provides spectrally selective surfaces
having a good performance at relatively low cost. The
invention features a layer of suitable substances in pow-
der form which is made to adhere to a given surface by
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the use of specially chosen binders, or alternatively
without the use of a binder. An essential feature of this
assembly is that the optical properties of the substance,
the binder and the underlying surface are chosen to give
a selective surface having the desired properties.

The binders according to this invention feature a high
transparency for the infrared radiation emitted by the
hot underlying surface, coupled with good adhesive
properties towards both the powder and the surface to
be coated. |

The method, according to this invention, of effecting
the adhesion of the powder layer to the underlying
surface without the use of a binder consists of bringing
the powder layer into intimate contact with the surface,
such as by pressing or rolling the powder layer onto or -
into the surface, especially with simultaneous mechani-
cal deformation of the object whose surface is being
coated, for example a metal sheet.

Such selective surfaces are designed to be used
mainly, but not exclusively, as the absorber surfaces in
solar thermal energy collectors, particularly in flat plate
collectors. In this application, the requirements are a
high absorptivity for solar radiation, coupled with a low
emissivity for heat radiation. These requirements are
met, as with conventional, mainly chemically and elec-
trochemically produced selective surfaces, by coating a
low-emissivity metal surface with a substance which is
absorbent for solar radiation but largely transparent for
the infrared radiation emitted from the hot metal sur-
face. - |

Accordingly, it is an object of the invention to pro-
vide spectrally selective surfaces having a good perfor- -
mance at relatively low cost, especially for use as ab-
sorber surfaces in solar collectors.

It is a particular object of the invention to provide
spectrally selective surfaces formed by the adhesion of

a layer of a substance or substances in powder form to
an underlying surface, whereby the. adhesion is accom-
plished either through the use of binders or, alterna-
tively, by purely mechanical means without the use of a
binder.

A further object of the invention is to provide the
binders and the mechanical means to accomplish the
adhesion of the powder layer to the underlying surface,
in order to produce the abovementioned selective sur-
faces.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention will be better understood and objects
other than those set forth above, will become apparent
when consideration is given to the following detailed
description thereof. Such description makes reference
to the annexed drawings wherein:

FIG. 11s an enlarged cross-section of an embodiment
of the invention, in which a mixture of pigment and
binder has been spread evenly over the surface of the
substrate;

FIG. 2 1s an enlarged cross-section of an embodiment
of the invention, not to scale, in which a layer of binder
has first been attached to the substrate, and subse-
quently pigment has been spread over the sticky surface
of the binder, where it remains adhered in a layer; and

F1G. 3 is an enlarged cross-section of an embodiment
of the invention, in which a layer of pigment has been
pressed onto or into the surface of the substrate.
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DESCRIPTION OF THE PREFERRED
EMBODIMENTS ~

A first embodiment of the present invention is a selec-
tive surface suitable for the absorber surface of a solar >
collector. Substances in powder form, i.e. pigments,
which have a high absorbance for solar radiation, but a
high transparency for emitted heat radiation at typical
solar collector temperatures, for example, the oxides of
copper, cobalt, nickel or iron, or mixtures of these sub-
stances, are made to adhere to low-emissivity metal
surfaces, such as clean, bright surfaces of aluminium or
copper by means of binders which are largely transpar-
ent for the emitted heat radiation. The low emissivity of
the original metal surface is not greatly affected by the
coating, since both the binder and the pigments are
largely transparent to the emitted radiation. On the
other hand, the coated surface is absorbent for solar
radiation because the pigments absorb in this spectral ,,
range.

The preferred binders for this application are liquid
or solid paraffins, or various forms of polyethylene, or
mixtures of these substances. In addition to exhibiting
the required optical properties, these binders also show 55
excellent adhesion and flexibility, so that the coatings
cannot peel off due to differential thermal expansion
between the coating and the metal, an important factor
with solar collectors.

The outstanding advantages of this embodiment of 30
the invention are the low investment in equipment,
suitability for all scales of production from individual
handwork up to industrial production, the low material
costs and absence of wastage, the relatively high speed
of fabrication, the fact that continuous coating is possi- 35
ble, and the wide choice of combinations of pigment/-
metal surface possible, since the substance which ab-
sorbs the solar radiation does not itself need to adhere to
the metal surface, in contrast to previous, mainly chemi-
cal and electrochemical processes. The pigments can 40
thus be chosen from a wide range of well-defined,
chemically and physically stable, relatively low-cost
products from the chemical industry. Additionally,
fabrication of the present selective surfaces can employ
existing techniques such as paint-rolling, brushing,
spraying or powder coating, thus facilitating the intro-
duction of these surfaces, and minimising the invest-
ment in the new equipment.

A further important advantage of this embodiment is
that the absorptivity of these selective surfaces for solar
radiation can be increased by suitable choice of pigment
particle size, in that multiple scattering of solar radia-
tion between the particles can reduce the reﬂectivity of
the surface. Another advantage in practice is that selec- ..
tive surfaces of this type can be easily repaired, should
they become damaged.

Now in FIG. 1 there is shown on an enlarged cross-
section an embodiment of the invention, in which a
mixture 2 of pigment and binder has been spread evenly ¢q
over the surface of the substrate 1.

FIG. 2 is an enlarged cross-section of an embodiment
of the invention, not to scale, in which a layer of binder
3 has first been attached to the substrate 1, and subse-
quently pigment has been spread over the sticky surface 65
of the binder, where it remains adhered in a layer 4.

Examples of processes for the fabrication of this first

embodiment will now be given.
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EXAMPLE 1

The metal plate or substrate to be coated is of com-
mercially pure aluminium sheet, 1 mm thick. The pig-
ment is cupric oxide, CuQ, with an average particle size
of 0.1 um, and the binder is pure medicinal liquid paraf-
fin, such as the commercially available trademarked
product known as “Nujol”. The aluminium plate is
roughened uniformly with steel wool, soap and water,
rinsed and dried. A mixture of 3 grams of CuQO and 7
grams of liquid paraffin per square meter of surface is
applied evenly to the aluminium plate, using a rubber
roller with a smooth surface. The selective surface is
then ready for use.

EXAMPLE 2

The process is identical to that described in Example
1, except that the prescribed quantity of mixture per
square meter of surface is further mixed with a suitable
quantity of cellulose thinners, and the resultant mixture
1s applied uniformly to the prepared metal surface, ei-
ther by brushing or with a spray gun. For these methods
of coating it is advisable to use as small a pigment parti-
cle size as possible o minimise settling-out of the pig-
ment from the mixture and blockage of the spray gun.
The selective surface is usable as soon as the thinners
have evaporated. This process is of advantage for the
coating of surfaces which are not completely flat, in
which case application by a roller, as in Example 1, may
become difficult.

EXAMPLE 3

The materlals are as for Example 1, except that the
binder is.a low density polyethylene foil, 25 um thick.
This foil is placed on the prepared aluminium surface,
and both are heated to at least 120° C., e.g. on a hot-
plate, whereupon the foil melts and adheres to the alu-

minium surface. The pigment is then shaken over the

sticky surface until complete coverage is obtained, su-
perfluous pigment being removed with a brush. Upon
cooling, a solid surface results. It would be of advantage
to use a thinner foil, where available, since the infrared
transparency increases with decreasing foil thickness.

A second embodiment of the present invention is also
a selective surface suitable for the absorber surface of a
solar collector. The same substances in powder form,
i.e. pigments, as listed in the description of the first
embodiment, or mixtures thereof, are formed into a
uniform layer, and subsequently brought into intimate
contact with a low-emissivity surface, such as a clean,
bright surface of aluminium or copper, for example by
pressing or rolling the powder layer onto or into the
surface, especially with simultaneous mechanical defor-
mation of the metal or substrate being coated. The low
emissivity of the original metal surface is not greatly
affected by the coating, since the pigment layer is
largely transparent to the emitted radiation. On the
other hand, the coated surface is absorbent for solar
radlatlon because the plgment absorbs 1n this spectral
range.

The outstandmg advantage of this embodiment of the
invention is that the adhesion of the pigment to the
metal surface is accomplished without the use of a
binder. This has two main consequences: firstly, that the
operating temperature of the selective surface is not
limited by the thermal stability of the binder; and se-
condly, that potentlally lower emissivities of the selec-
tive surface are achievable, since no binder material is
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ideally transparent to the emitted heat radiation: a
binder thus always increases the emlssmty of the metal
surface to some extent.

Further advantages of this embodlment of the inven-
tion are the low material costs, the relatively high speed
of the process, the fact that an existing plant, such as a
rolling mill can be used, the wide choice of combina-
tions of pigment/metal surface possible, in contrast to
previous, mainly chemical and electrochemical pro-
cesses, and the fact that continuous coating of a metal
band is possible.

Another important advantage of this embodiment is

the excellent adhesion of the coatings, owing to the
intimate contact of the pigment layer with the metal
surface, which results in a high peeling resistance of the
coating when subjected to differential thermal expan-
sion or to further mechanical forming, such as may be
necessary in the fabrication of an absorber plate for a
solar collector.

A further important advantage of this embodiment is
that the fabrication of the selective surface can be inte-
grated into the ROLL-BOND process for the produc-
tion of absorber plates for solar collectors, either by the
use of the same rolling mill for both processes, or by
running the two processes simultaneously; additionally,

such selective surfaces could be produced on several

plates at the same time.

Now in FIG. 3 there is shown on an enlarged cross-
section an embodiment of the invention, in which a
layer of pigment 5 has been pressed onto or. into the
surface of the substrate 1.

Examples of processes for the fabncatlon of this sec-

ond embodiment will now be given.

EXAMPLE 4

The metal plate is commercially pure aluminium
sheet, 2 mm thick. The pigment is black iron oxide,
Fe3;04, having an average particle size of 0.1 pm. The

aluminum surface is prepared as in Example 1. A thin

layer of pigment is first assembled on a band of tem-
pered steel 0.05 mm thick, which has been cleaned with
acetone. This is accomplished by first spreading highly
thinned “Rubber Cement” over one surface of the steel
band by means of a saturated pad of cotton wool. The
pigment is then spread over the sticky surface for com-
plete coverage, superfluous pigment being shaken or
brushed off. The coated steel band is then laid on the
aluminium plate with the pigment layer facing the pre-
pared aluminium surface, whereupon both sheets are
passed through a rolling mill. The rolling process is
repeated once or twice, using a newly coated steel band
each time, until a uniformly dark coating is obtained on
the aluminium. The final coating thickness is typically
about 0.5 pm, and the overall reduction in the alumin-
ium thickness is typically about 25%.

EXAMPLE 5

Two aluminium plates, 2 mm thick, are each cleaned
and roughened on one face, as in Example 1. A suspen-
sion is made in isopropanol of the pigment used in Ex-
ample 4, and painted uniformly onto each prepared
aluminium surface. The two aluminium plates are then
riveted together with the coated faces facing each
other, and passed together through a rolling mill. After
separation, the plates are ready for fabrication into ab-
sorber plates for solar collectors. The reduction on
rolling can be chosen within wide limits to suit the

production process and the original pigment thickness
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which can be conveniently attained by painting. A mini-
mal reduction of approximately 10% is reasonable. A

final pigment thickness of about 0.5 um is reasonable for

black iron oxide as used in this example.

With reference to the first embodiment it should be
stated that the optimal particle size for the pigments
depends on their refractive index, the refractive index
of the binder and the degree of immersion of the partl-

cles in the binder, inter alia. The optimal particle size

must therefore be determined experimentally in each
case. The thickness of the binder should be kept to a
minimum, consistent with good adhesion properties.

With reference to the second embodiment, the opti-
mal particle size of the pigment must also be determined
experimentally in each case.

In the case of both embodiments of this invention the
optimal pigment thickness, i.e. the total volume of pig-
ment per unit area, depends upon the relative values of
the absorbance of the pigment for the solar radiation
and for the infrared emitted radiation, and upon the
absorptivity-emissivity values desired for the surface.

Further, in the case of both embodiments, it is possi-
ble to use coloured pigments instead of black pigments.
This is of advantage in improving the outward appear-
ance of solar collectors, especially when large areas are
involved. By this means some measure of adaptation to
the landscape or the urban scene is possible, which in
some locations might be a deciding factor for planning
permission. The loss of performance on account of the
lower absorptivity of a coloured coating is acceptable
with selective coatings because it is compensated for by
the low emissivity of the surface. Thus, the perfor-
mance of a normal black surface can still be attained,
with the advantages of a coloured surface.

The invention may be practiced other than as specifi-
cally detailed herein without departing from the scope
of the invention as defined by the followmg claims.

What we claim is: -

1. A body with spectrally selective surface possessing
the absorptivity for solar radiation of a correspondingly

colored non-selective surface but having a significantly
lower emissivity for heat radiation than said non-selec-
tive surface, comprising an outer layer comprising at
least one metal oxide pigment in powder form selected
from the group consisting essentially of oxides of cop-
per, cobalt, iron or mixtures thereof, a supporting sub-
strate having a poorly emitting metal surface selected
from the group consisting essentially of copper or alu-
minum, said outer metal oxide powder layer being me-
chanically attached to the poorly emitting metal surface
of the supporting substrate directly or by means of a
binder which is largely transparent to heat radiation
emitted from the underlying metal surface, said outer
layer possessing a high absorptivity for solar radiation,
while being largely transparent to the heat radiation
emitted by the surface of the substrate.

2. The body according to claim 1, wherein the pig--
ment layer is brought into intimate contact with the
surface of the substrate by pressing such pigment layer
onto or into the surface of the substrate without a
binder.

3. The body according to claim 1, wherein the metal
oxides are selected from the group consisting essentially
of oxides of copper, cobalt, iron or nickel, or mixtures
thereof.

4. The body according to claim 1, wherein the pig-
ments comprise colored pigments.
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5. The body according to claim 1, wherem the metal

substrate i1s bright copper. |
6. The body according to claim 1, wherem the metal

substrate is bright aluminium.

7. The body aeeordmg to claim 1, wherem the metal

substrate comprises polished copper. |
8. The body according to claim 1, wherein the metal
substrate comprises polished aluminium.
9. The body as defined in claim 1, wherein said body
is employed as the absorber in a solar collector.
10. The body as defined in claim 1, further including
a binder which is also largely transparent to the emitted
radiation for attaching the pigment layer to the sub-
strate, said binder being selected from the group consist-
ing essentially of paraffin, polyethylene or mixtures
thereof.
11. The body according to claim 10, wherein the
binder consists of at least one liquid paraffin.
12. The body according to claim 10, wherein the
binder comprises at least one solid paraffin.
13. The body according to claim 10, wherein the
binder is polyethylene.
14. A process for the fabrlcatlon of a body with a
spectrally selective surface, comprising the steps of:
providing a substrate having a metal surface selected
from the group consisting essentially of copper or
aluminum which is to accept a pigment layer;
mechanically attaching an outer layer comprising at
least one metal oxide pigment in powder form se-
lected from the group consisting essentially of ox-
ides of copper, cobalt, iron or mixtures thereof to
the surface of the substrate; and wherein,
the outer layer possesses a high absorptivity for solar
radiation, while being larely transparent to the heat
radiation emitted by the surface of the substrate.
15. The process as defined in claim 14, further mclud—
ing the steps of:
first cleaning the surface which is to accept the plg-
ment layer of any contamination which would raise
the emissivity of the surface prior to mechanically
attaching the pigment layer to such surface.
16. The process as defined in claim 14, further includ-
ing the steps of:
applying an outer layer containing a mixture of the
pigment and a binder substantially evenly to the
surface of the substrate.
17. The process according to claim 14, further includ-

ing the steps of:
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mechanlcally deformmg the substrate during the
coating process.

18. The process as defined in clalm 17, wherein:

mechanical deformation of the substrate is accom-

plrshed by passmg the substrate through a rollmg

mill.
19. The process as deﬁned in elalm 14, further includ-

ing the steps of:
applying at least one bmder to the surface of the
substrate to form a sticky surface; and
.thereafter distributing the pigment over the stleky
surface.
20. The process as defined in claim 19, further includ-
ing the step of:
heating the binder and the surface of the substrate
prior to distribution of the pigment.
21. The process according to clalm 14, further includ-
ing the steps of: - -
bringing the pigment into contact with the surface of
the substrate and pressing such pigment onto or
into such surface.
22. The process according to claim 21, wherein:
the pressing sttep is carried out by the use of a rolling
mill.
23. The process according to claim 21, further includ-
ing the steps of: |
- first assembling the pigment layer onto a die by means
of an adhesive; and
then pressing the pigment layer onto or into the sur-
face of the substrate by means of the die.
24. The process accerdmg to claim 23 further includ-

ing the steps of:

using as the adhesive rubber cement.
25. The process according to claim 21, further includ-
ing the steps of:
forming a suspensmn of the prgment in a volatile
liquid;
providing two substrates having clean surfaees
evenly coating the clean surfaces of the two sub-
~ strates with the suspension;
evaporating the liquid of the suspension;
after evaporation of the liquid fixing together the two
substrates with the coated faces in contact with
each other;
pressing together the two substrates; and
subsequently separating the substrate from one an-
other.
.26. The process according to claim 25, further melud-

ing the steps of:

pressing together the two substrates by a rolling mill.
* * % . S
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